Aside from their value in the indirect determination of the blood pressure the sounds at the brachial artery provide other valuable clinical information. Their value in blood pressure determination in auricular fibrillation generally has been found to be limited. By using a simple technic involving the counting of the brachial-artery-sound deficit, a satisfactory, repeatable method of blood pressure estimation is achieved in such patients with marked pulse rate irregularities. Other information, including a rough estimation of left ventricular stroke output, pulse wave force and velocity, are also appraised by analysis of these bruits.
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A SIDE from their common use for estimation of the blood pressure level,' the Korotkoff sounds also provide other useful clinical information. Thus, the intensity and duration of the sounds provide an appraisal of the volume of blood flowing through the artery under the cuff.2 A calibrated contour of the upstroke of the pulse wave, as well as an estimate of the celerity of its transmission rate, can also be established. 3 The present study provides evidence that the time of onset of the sounds during the cardiac cycle is related to the diastolic filling time. In auricular fibrillation the determination of the incidence of the sounds at various cuff pressure levels permits a satisfactory measure of the blood pressure level despite irregularities of the pulse. occlude blood flow to the extremity. The patient was then instructed to open and close his fist 30 times in order to induce a reactive hyperemia of the limb. The pressure in the cuff was then permitted to fall at a constant rate. In other experiments it was lowered by increments of 10 mm. Hg, and 10 to 20 cardiac cycles were recorded at each of these pressure levels.
METHODS
Each cycle length was measured as the R-R interval. The time of arrival of the sound in each cycle was measured and this value was compared with the duration of the previous cycle. The logarithmic intensity and duration of the sound were determined directly from the photographic record as millimeters of swing of the galvanometer.
RESULTS
(1) Effect of Cuff Pressure on the Ratio of the Incidence of Korotkoff Sounds to that of the R Waves. The ratio of the incidence of the Korotkoff sounds to the number of electrocardiographic cycles provided a satisfactory means for a blood pressure determination ( fig. 1 ). At sufficiently high cuff pressures, no sound was heard or recorded. As the cuff pressure was lowered by increments from these high levels in a given patient, a point was reached at which occasional sounds could be heard and then the ratio of Korotkoff sounds (K) to electrocardiographic QRS complexes (R) increased rapidly. Within 3 . Relation between the duration of the previous cycle length and the duration of the sound registered at the brachial artery. Vertical axis gives the duration of the cycle previous to the occurrence of the sound. Duration of the sound is given in seconds on the horizontal axis. These data are from the same undisturbed run described in figure 2. sounds occurred at approximately 0.20 second when the preceding cycle was short (0.5 second); with longer preceding cycles this was reduced to as little as 0.13 second for long cycle lengths approaching 1 second. As noted above, and demonstrated in figure 4 , there was an absence of brachial artery sound when the previous cycle lengths were less than 0.40 second.
DIscussIoN
In auricular fibrillation, the incidence of sound production at the systolic and diastolic levels may be very irregular. This effect is enhanced by a tendency to an "auscultatory gap" in such patients, as suggested by the fall in incidence of sounds at about 30 mm. below the highest recorded systolic values ( fig. 1) .
As a result, variations of 30 or 40 mm. Hg in the indirect estimation of the systolic blood pressure level, and somewhat smaller deviations of the diastolic, may be reported for a given patient by successive observers.
The present results suggest that a satisfactory measure of the mean systolic and diastolic pressures may be established by determining the ratio of the Korotkoff sounds to cardiac cycles at each of several cuff pressure levels.
As the cuff pressure falls below the systolic pressure the ratio of the brachial artery sounds per minute increases over the course of about The number of cardiac cycles per minute may be obtained at the precordium as is done for determination of the pulse deficit, or by electrocardiographic monitoring. A mean systolic blood pressure level may be considered as that cuff pressure at which half of the apical beats are followed by brachial artery sounds, i.e., a deficit of 50 per cent.
As the cuff pressure falls further into the range of the diastolic pressure the incidence of the sounds is reduced progressively. When the incidence is reduced to about half that obtained at mean blood pressure, this value, obtained at a consistent level in each patient, may be considered to be the mean diastolic pressure.
The fact that no brachial artery sound was heard when the preceding cycle was less than 0.40 second is consistent with data that a short cycle may be inadequate to produce a pulse wave in the arterial system, probably as a result of inadequate filling of the ventricle, and the consequent weak or absent ejection phase. With cycle lengths longer than 0.5 second, the succeeding beats consistently produced a brachial sound, indicating that this duration in the patients studied was sufficient for pulse wave production.
In previous studies it has been demonstrated that the onset of the Korotkoff sounds signals the arrival of a pressure pulse equal to the compressing pressure in the sphygmomanometer cuff. The present studies suggest that the duration of the previous cycle can affect the time of arrival of the pulse wave. Thus, the greater the duration of the previous cycle, the shorter is the Q-K time of the succeeding beat. Such an effect might be due to a change in the rate of transmission of the pulse wave because of variations in the diastolic filling time and perhaps in stroke volume of the succeeding beat. This belief is supported by other evidence that the celerity of the transmission of the arterial pulse wave is related to the stroke volume.5 If this is proved to be the case, the time of arrival of the brachial artery sounds might provide an index of the relative stroke volume for successive beats.
The intensities of the brachial artery sounds probably are also related to the rate of rise of pressures in the aorta and in the brachial artery central to the cuff. The more powerful pressure pulse generated following longer cycle lengths thereby are seen as establishing the conditions for a louder burst of noise at the onset of the Korotkoff sound.
The relationship between the duration of the previous cycle and the intensities and durations of the brachial sounds also is consistent with the interpretation that an enhanced stroke output following a prolonged filling period is associated with a more forceful pulse wave causing a more adequate flow through the arteries under the cuff.
The foregoing studies illustrate that significant clinical information concerning some of the characteristics of the arterial pulse wave, the blood pressure and the blood flow through extremities may be obtained indirectly and with facility by utilizing the intermediate 
